Introduction
The maxillary sinus (MS) is a cavity located bilaterally in the body of the maxilla above the level of the alveolar bone. 1 It is the largest of all paranasal sinuses and is covered by a thin mucous membrane that adheres to the periosteum. 2 The functions of the MS include adding resonance to the voice, reducing the weight of the skull, as well as warming and moisturizing the inspired air. 3 MS pathologies can be basically classified into congenital, inflammatory, odontogenic, traumatic, neoplastic, and iatrogenic types. 4 Mucous retention cysts (MRCs) are the most common lesions in the MS and are characterized by the retention of mucus secreted from the mucous glands of the sinus epithelial tissue. 5, 6 MRCs are mostly asymptomatic, slow-growing lesions that affect patients of both genders and all ethnic groups across all ages. 5, 7 Allergy, rhinitis, barotrauma, dental disease, inflammation, and chronic rhinosinusitis have been proposed the etiologic factors that predispose patients to MRC. 8 Disappearance or spontaneous regression of MRCs is observed in 16%-41% of cases; hence, patients with MRCs should undergo long-term follow-up with no specific treatment, other than those that provide symptomatic relief, if necessary. 9 Radiographically, MRCs appear as well-defined, homogeneous, dome-shaped, radiopaque lesions (no cortical lining), which vary in size and extend through the lumen of the MS. 10 The MRCs commonly emanate from the floor of the sinus and are unilaterally or bilaterally located. 9 Waters' view (occipitomental radiograph) is considered as the ideal conventional imaging method for the evaluation of the MS. However, the most inferior and posterior aspects of the sinus are not clearly visible due to the posterior teeth and the alveolar process. 11 Panoramic radiography is a tool used to conveniently detect MS pathologies; nonetheless, limitations, such as image overlay of the inferior nasal concha and nasal cavities on the MS region, may lead to false positive results. 12 Cone-beam computed tomography (CBCT) reproduces the maxillofacial hard tissue structure as a threedimensional (3D) image with negligible distortion and significantly lowers the dose of radiation compared with conventional computed tomography. The high-resolution CBCT images are extremely effective for detailed examinations of the maxillofacial region that are not possible with panoramic radiographs. 13 CBCT is an important tool for the evaluation and planning of treatment based on alterations in the MS. 9, 14 The frequency of MRCs varies significantly according to geographical and climatic specificities and differences. 15 In the literature, the prevalence rates of MRCs in various populations significantly vary (1.4%-35.6%) with the different imaging methods used. 8 There is no information about the prevalence of MRCs in the Turkish population based on 3D radiographic analysis in sufficient sample volumes.
Thus, this study aimed to investigate the frequency of MRCs in the MS in a Turkish population using highresolution CBCT images.
Methods
A retrospective study using CBCT images of randomly selected patients who were referred to Izmir Katip Celebi University, Izmir, Turkey was conducted in accordance with the Declaration of Helsinki. A written informed consent was obtained from the patients before radiographic evaluation, and the study was approved by the institutional review board of lzmir Katip Celebi Non-Interventional Clinical Studies (approval no. 99).
High-quality maxillary CBCT images of patients older than 18 years were selected. The CBCT images were obtained for diagnostic purposes as part of a comprehensive evaluation of periodontal or endodontic treatment prior to implant surgery, impacted tooth surgery, or orthodontic treatment. Patients whose radiographs did not include both the whole MS and artifacts that hindered the evaluation of the sinuses and those with a history of MS surgery, trauma, or pathologies in the anterior teeth were excluded from the study.
A total of 300 patients who underwent CBCT examinations between January 2013 and December 2018 were included in this study. The participants comprised 156 (52%) men and 144 (48%) women, with a mean age of 40.18 (range: 18-65) years. All scans were obtained using a NewTom 5G CBCT device (QR srl, Verona, Italy), operating at 110 kVp and 1-20 mA with a 15 × 12 field of view and a voxel size of 0.2 mm in supine position. The images were obtained from the axial, coronal, and cross-sectional sides with 1-mm intervals.
The diagnostic criterion for an MRC was the detection of a dome-shaped radiopaque lesion on the floor or walls of the MS (Figure 1 ). As shown in Figure 2 , the presence of an MRC was determined by examining the coronal, sagittal, and axial CBCT sections on the number needed to treat station (QR srl). In addition, gender and size were considered while analyzing the MRCs.
Statistical Analysis. Statistical analysis was performed using R version 3.2.3 (2015, R Foundation for Statistical
Computing, Vienna, Austria). In the current study, the sample size was 300, and the chi-square power was calculated for two independent categorical variables: two level (male and female) and four levels (right sinus, left sinus, bilateral, absent). The power for medium effect size (as Cohen 16 indicated that the w values of 0.1, 0.3, and 0.5 represent small, medium, and large effect sizes, respectively) was 0.996, with a degree of freedom at 3 and a significance level of 0.05, which indicated that the power of the test was reliable. The power for medium effect size (as Cohen 16 indicated that the w values of 0.1, 0.3, and 0.5 represent small, medium, and large effect sizes, respectively) was 0.996, with a degree of freedom at 3 and a significance level of 0.05, which indicated that the power of the test was reliable.
Results
In the CBCT images, the MRC was detected in 30 (10%) of 300 patients (Table 1) . Among them, 14 (4.7%) had bilateral MRCs, and 16 (5.33%) presented with unilateral MRCs. The cysts were detected in the images of 17 (10.89%) men and 13 (9.02%) women; the MRCs were found on the right side in seven patients and on the left side in nine patients ( Table 1 ). The theoretical value of a number less than 5 was calculated as 50.0%; thus, the Pearson's chi-square test result was not reliable because this rate had exceeded 20%. According to the Exact test calculation, a p value = 0.799 indicated that the lack of significant relationship between MRC and gender.
Discussion
MRCs are mucous-filled cysts that mostly develop when the seromucous glands of the mucosa in the MS are obstructed. MRCs are usually asymptomatic and seldom require treatment, and they are commonly diagnosed via routine radiographic examinations. 5 Clinically, MRCs may cause complaints when they obstruct the MS outflow. 17 Radiological imaging detection along with clinical examination is mandatory to define the characteristics, behavior, therapeutic protocol of MRCs and differential diagnose it from other pathologies, such as mucocele, polyp, sinusitis, neoplasm, and odontogenic cyst. 9, 18 CBCT is a convenient tool for diagnosis and treatment planning related to MS diseases. 19 It is superior to panoramic imaging and other two-dimensional (2D) conventional methods for the evaluation of maxillo-facial anatomical structures. 20 A study has shown significant differences in the diagnosis of MRC using CBCT and panoramic images. 15 Five out of 28 MRCs detected on CBCT sections had not been observed on panoramic radiographs in their study, which could be considered as a limitation of panoramic imaging as the entire length of MS is not displayed. The roof of the MS and minor changes in the superolateral regions cannot be viewed in detail using panoramic radiography. 21 A different study comparing CBCT with 2D panoramic images has indicated that CBCT remains the most effective radiological method for the evaluation of inflammatory changes in the MS. 22 A CBCT examination of the maxilla is mostly performed prior to a surgical sinus lift and augmentation process for dental implant placement in the maxillary posterior area.
Incidental findings, such as thickening of sinus mucosa or MRC, might indicate an outflow obstruction, which can affect treatment planning. 23 The presence of MRCs may differ based on gender, age, and ethnicity. Studies in a Brazilian population using panoramic radiographs have shown variations in the incidence of MRC ranging from 3.6% to 10.1%. Meanwhile, in another study that used CBCT, the incidence was 21.4%. 20 In studies using panoramic imaging, the reported frequency of MRCs was between 5.1% and 14%, which may exhibit a large variability and might be correlated to technical radiologic factors, such as imaging method (2D or 3D), field of view applied, and aspect of the visualized MS. 24 In the present study, MRCs were found more frequently in men than in women. However, similar to the results of a previous study that used panoramic images of 173 orthodontic patients, 23 the difference was not statistically significant.
Sinus floor elevation is a commonly used technique to obtain vertical bone volume during maxillary implant placement. However, this technique provokes postoperative edema, which is similar to all surgical interventions; hence, the presence of a cystic lesion in the MS may increase the risk of blockage of the drainage from the sinus ostium leading to fluid accumulation in the MS and sinusitis. 25 The removal of an MRC by perforating the Schneiderian membrane before sinus floor elevation followed by bone augmentation after the repair of the perforation with a collagen membrane has been described previously. 26 Aspiration of the liquid content of the cyst before sinus augmentation has also been reported. 27, 28 Meanwhile, in some studies, the augmentation procedures were not conducted due to additional risks. 27, 28 Thus, the various recommendations for the management of MRCs prior to and during implant surgery showed that conservative methods, such as intentional puncture and aspiration of the cyst contents, can be performed along with bone augmentation and dental implant surgery during the same session in asymptomatic MRC cases.
This study had some limitations. The association between MRC and age was not investigated. Most of the participants in this study comprised people from western Turkey. Further studies must be conducted to explore the correlations between MRC and factors, such as age, climate, and systemic diseases, in a more diverse sample group of the Turkish population.
Conclusions
MRCs are mainly asymptomatic, slow-growing lesions that do not require treatment in most cases. MRCs were found in 10% of the Turkish population in this study. No
